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INTRODUCTION
Short grass pastures vary in their ability to produce forage
for livestock consumption.

One of the reasons for this difference is

a variation in the degree of utilization in past years.

Forage pro-

duction of short grass ranges has been reduced to about one-half
after only a few decades of improper grazing; therefore the problem
of proper utilization is bee oming more importa.nt every year (Forest
Service, 1936).

When the settlers first came to western Kansas they

found an almost complete cover of native vegetation and during the
first few years only a small portion of the range land ms cu ltivated.
With the coming of the dry land farmer., however., a large percentage
of the native prairie was broken.

A recent survey shows that in the

Great Plains Region there are about 17 million acres of range land as
com pl.red to approximately 11 million acr e s of crop land (Great Plains
Committee., 1936).

Many operators were unable to adjust t heir live-

stock programs to the range lands that were diminishing in area and
yi eld.

Some have reduced their stocking rate so much that it has re-

sulted in their pl.stures being undergrazed.

The major portion of the

operators., however., have retained too many animal units on their pastures., which has produced some badly overgrazed grasslands.
The detrimental effects of impropar management of the short
grass ranges have never been fully understood.

Operators have ob-

served that some pl.stures were inferior to others., but they have been
unable to correlate these conditions with the past treatment of the
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pastures.

In the fast they have been unable to recognize an area that

has been either too lightly or too heavily utilized.

This inability

is probably due to the radical changes that take place in the vegetative cover of the pa.stures during extreme variations in climatic conditions.

A thorough study has been made of the effect of drought

upon different types of pa.stures in relation to the intensity of grazing.

There has been no research made, however, on the conditions of

various pasture types following a few normal or above-normal years
after the drought.

The p.lrposa of this study is to determine the

characteristics of five pastures that have bean subjec ted to different intensities of grazing in the pa.st 15 years.

RELATED STUDIES
Weaver and Hanson (1941) described five stages in the degeneration of native midwestern prairies and pa.s ures of Iowa and Nebraska.
According to their response to grazing , plants of the prairie ware
plac ed into six groups,

(l) prairie grasses that decrease under graz-

ing ., (2) forbs that decrease under grazing, (3) grasses that increase
under gra zing, (4) £orbs that increase under grazing, (5) grasses that
invade pastures and (6) weedy forbs that invade pastures.
The short grass ranges of the central Great Plains were classified into excellent, good, fair, and poor pastures by Costello and
Turner (1944).

These different classes of pastures were described

thoroughly for the p.lrpose of making the differe nt conditions easier
to recognize.

The fluctuation in the annual forage production for the
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different classes was discussed but no comparison between the :pil.stures
was made.

Different degrees of mountain meadow range conditions of

eastern washington and eastern Oregon in relation to grazing intensities were determined by Reid and Pickford (1946).
The effect of drought, dust, and different intensities of
grazing upon the yield of short grass :pil.stures was investigated by
Albertson and Weaver (1944).

Four classes of pastures were studied

with reference to the amount of grazing and dusting to which each had
been subjected in rest years.

The basal cover and com positi~n of

vegetation, the annual and monthly yields of dry fora ge, and the effect of different intensities of clipping on th,e yield of gr a sses wer e
determined for the four classes of :pil.stures during the two years immediately following the drought.

I.a.cay (1942) found that moderate

grazing maintained a constant forage yield and short grass cover, ex cept under adverse climatic conditions, when a considerable dec r ease
in short grass yield was noted.
Jonas (1934) studied the influence of grazing on the botan ical
com pos i tion and the productivity of :pil.sturas in Eng land.

The effect

of dif ferent intensities of grazing upon native ve getati on of the
northern Great Plains has been studied by Sarvis (1923).

This report

stressed the effect of intense grazing upon the princi:p!l.l grasses and
forbs of this region and the use of plants as indicators of 1·ange
conditions.

4
METHOD OF STUDY

Five pastures were selected for study.

They were selected and

classified with reference to the intensity of grazing to which they
had been subjected during the past 15 years.

General observations

upon the amount of old growth present and the appearance of the vegetative cover were also used for distinguishing the types.
A detailed study of the differences found in t hese five pastures was made along the following lines,

Basal cover and composi-

tion of the vegetation, monthly and seasonal yields, gr owth of t he
short grasses in height, grov,th and number of buffalo gras s sto lons,
and amount of litter and debris present at each location.

Genera l

correlations between cover, yield and growth of the short grasses also
were made.

In order to make the data more comprehens ib le the environ-

mental conditions affecting growth were mea sured during t he period of
study.
Representative areas in each of the pastures wer e selected for
study and protected from grazing by exc losure s for the entire growing
sea s on of 1946.

Twenty clip quadrats, each a mete r square, we r e laid

out inside these experimental areas.
Since the basal cover of ve getation bears a direct relationship
to the value of a f.5sture, all quadrats were charted with a :ES- ntograph
at the beginning of the season.

In cha~ting, only places without

cover of native perennial grasses larger than
ter were considered bare.

.a

of an inch in diame-

The percentage of basal cover for each

species in all quadrats was comPlted by the use of a planimeter.

The
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average of the twenty quadrats at each location was used as the representative cover for the r:a.sture.
The total number of forbs and the number for each species per
100 square feet ware determined in all of the J;8.stures.

This was ac-

e omplished by using two stakes and a chain to draw 10 to 15 c ire las,
each having an area of 100 square feet, at representative locations
throughout the pasture.

The native forbs were counted and identified

in the circles and the average taken as representative of the forb
population of the pasture.
Since the value of a pasture lies primarily in its ability to
produce forage for livestock consumption, the monthly and seasonal
yields of each pasture were determined.

Ten quadrats in each of the

e:xolosures ware clipped once a month from April to September, inclusive, and all vegetation was air dried and weighed.

The amount of

short grass in pounds per acre for eve ry month of the growing season
was determined in all pastures.

The sum of the monthly yields was

computed as the seasonal yield for the cli pped series.

The other tan

quadrats in each pasture were set aside to be harvested only at the
and of the growing season.

They were clipped at the and of July, how-

ever, because of the effects of the midsummer drought .

As a result of

the drought the grasses go into dormancy and a certain amount of forage weight is lost.
ber.

The final o lipping was made the last of Septem-

The average weight of the a.ir dried forage was compitad as the

seasonal yield for th.a unclipped series in each of the pastures.
The growth in height of the two major constituents of the short
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grass prairie, buffalo (Buchloe dactyloides) and blue grama (Bouteloua
gracilis), was measured every two weeks throughout the growing season.
This ~s done by making at least five measurements of each species in
each quadrat.

averages ware thereby determined for the clipped and

unclipped series.

The difference in heights for each successive

mea surement was assumed to be the growth for a P3riod of two weeks.
The average total growth during one month for each species

deter -

mined by taking the sum of t he two measurements made during that
month.
Buffalo grass stolons have a definite effect upon the basal
cover because of t heir ability to spread rapidly.
stolons was measured every t wo weeks.

The gr owth of

In order to accomplish this ,

twenty vigorous stolons were selected for measurement within each axe losure and a 16-penny nail was placed at t he growing tip of each
stolon.

The distance which the stolon ext nded p;i.st the nail at the

end of .two weeks was the growt h made for that period .

The average

increase in length was assumed to be the growt h made by living stoions
in each pasture.

The number of living and dead stolons per square

meter was determined by making 10 separate counts in representative
areas through out the pasture.
The amount of litter and debris was found to vary appreciably
in the different p;i.stures.

Litter wa s assumed to be that old vegeta-

tive material that forms a compact mulch on the surface of the soil,
while debris, ·on the other hand, was assumed to be the old vegetative
growth, including old flower stalks, that lies loosely strewn about on
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top or intermixed with the new growth of grass.

The amount of litter

and debris in pounds p:Jr acre was determined in each of the p:i.stures.
This material was collected by hand from representative square meter
areas and the average weight was taken as the amount found throughout
the p:i. sture.
Extensive field notes were taken on the general appearance of
the vegetation, with special stress on the effect of drought upon the
short grasses, at each location every two weeks throughout the growing
season.
The seasonal rainfall was obtained by placing two rain gauges
at centrally located points.

The average of the two gauges -was

assumed to be the rainfall for all of the pastures studied.
temperature records were obtained from G.

w.

Matthews of the

Daily

u. s.

Weather Bureau Station at Quinter, Kansas, ab out seven miles west of
the areas under study.

The mean temperatu r e for each month was com-

puted and compared with the normal mean for that period.

The total

amount of soil moisture was determined every two weeks to a depth of
five feet by the use of a geotome.
RESULTS
History and Description of Pastures Studied
The p:i.stures selected for study are located near Collyer,
Kansas, which is about 100 mi le s east of the Colorado state line and
90 miles south of the Nebraska state line.
mately 2580 feet above sea level.

The elevation is approxi-

All five pastures lie within an
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area five miles in diameter and on typical gently rolling terra i n with

similar upland soils of the Holdrege series.
The pastures of this region have g one through many striking
changes in response to extreme variations in the environment.

During

the drought period from 1933 to 1940, the vegetation of the native
prairie was reduced to a few relicts with many new undesirable plants
gaining possession (Weaver and Albertson, 1944).

During the six nor-

mal or above-normal years that followed the drought the pastures
recovered very rapidly.

Those that were bare required much longer to

recover than the ones -with only scattered remnants of the orig inal
veg etation.

Even the nearly bare pastures made a comparatively quick

recovery because of the rapid spread of buffalo grass .

This was

especially true if these areas were subjected to moderate or heavy
grazing which removed the compet i tion of weed y annuals.
The history of t he rastures with r espect t o the grazing program
and general appearance for 15 ye~rs prior to the beginning of the study
was obtained from the operator.

A short description was also made of

the general appearance of t h e rasturas in the s pring of 1946.
la sture number l contains 60 acres and wa s classified as un -

grazed.

During the drought years (1931 to 1940) it supported two

saddle hor ses for approximately three months out of t he year and from
1940 to 1946 the pasture -was ungrazed.

Before the dr ought a heavy

stand of buffalo and blue grama grass grew on the uplands, with big
bluestern (Andropogon furcatus) occupying the lowla nds and buffalo
wallows.

During the dry years, however, all of t he bluestem disappeared
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and the lowlands were invaded by the short grasses and western wheat
grass (~gropyron smithii).

Considerable dusting also occurred on the

uplands which laid bare large areas and killed much of the short
grasses, giving the r:asture a

11 patchy 0

appearance.

Many kinds of un-

desirable ~eedy annuals, principilly sunflowers (Helianthus annuus) and
lamb's quarters (~henopodium album), invaded these areas.

The shading

effect of these rank weeds added to the detrimental effect of dust
which killed some of the grass and thereby made the bare areas even
larger.

Despite these conditions the grass retained enough cover to

insure good r:asturage during the years of drought.

During the go od

years that followed the drought the pasture gradually improved but
there were still many bare areas.

:Fastures of this kind are, at

present, fairly common in this community.

.At the beginning of the

study the principil grasses found on the uplands were buffalo and blue
grama grass, but scattered plants of sand dropseed grass (Sporobolus
cryptandrus) and Texas crab grass (Schedonnardus i:aniculatus) occurred
in the open areas.

These grasses were very tall and formed a high

foliage cover but close examination of the cover revealed that numerous
open s:i;:e.ces occurred between the clumps of grass (Fig. l).

The c ommon

native £orbs of this area were plentiful throughout the i:asture.
:Fasture number 2, the undergrazed location of 130 acres, had
been subjeoted to a varied grazing program but over the period of 15
years it was considered to be under utilized.

From 1931 to 1940 there

were from 5 to 10 head of cattle grazing on a six months basis.
1940 to 1943 the }:l:lsture was moderately grazed during the growing

From
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FIG. l

General view of pasture number 1~ the un-

grazed location.

Many large areas throughout the

pasture ware covered with weedy annuals.

Their-

regular dark patches in the foreground are bare
areas between the cover of short grasses.

j

O O of
11

seasons with about 25 head of cattle but for the fa.St three years

there have been 5 head of milk cows grazing only during the growing
season.

Before the drought a solid cover of buffalo a nd blue grama

grass was foond on the uplands throughout the pasture.

During the

following dry years, however, the cover of grass steadily decreased
and the bare spaces became larger and more numerous.

When a little

rain did fall a large number of weeds a ppeared vh ich., due to the shade

they cast, helped kill the nearby grasses.

A small amount of spot

grazing was found where only favored areas were utilized mile the re mainder of the pasture was undisturbed (Fig. 2).

The intensity of

grazing became lighter at greater distances from the farm building s.
The pasture contained numerous open SfEl.ces that were covered by mats
of old grass and many little weedy annuals were beginning to appear in
these open sp;tces.
Pasture number 3., the moderately grazed location., contains 80
acres and had an average stocking rate of 15 animal units on a basis
of 6 months.

The rate of utilization during the drought was much less

than during good years that followed.
until the dust storms of 1935.

It had a solid cover of gra s s

During the
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black blizzards" a nd sub-

sequent years ., however., much of the grass disa ppeared leaving only
widely scattered clumps which furnished considerable forage, but at no
time did the pasture have the appearance of a cultivated field as did
those that were more heavily utilized.

A few weeds appeared between

the clumps of grass especially in 1937 and 1938.

Gains in the cover of

grass were also made on nearby fEl,stures in 1937 and 1938 but considerable
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FIG. 2

In the undergrazed pastur e~ spot gra zing

was evident as shown by the lighter colored areas.
Many weedy annuals be gan to appear in areas not
covered by the short grasses.

J,3

losses occurred again in 1939 (Weaver and Albertson, 1944).

After

1940, when soil moisture was plentiful, the original amount of cover
was quickly restored.

When the study was initiated, f8sture number 3

appeared to be uniformly grazed with about 30 percent of the grass
left undisturbed (Fig. 3).

There was a good cover of ve getation com-

posed of scattered, vigorous blue grama plants surrounded by a mat of
buffalo grass.

The few open spaces were wall protected by a good cover

of old growth.

Vary fa-w weeds appeared except in areas that were

dusted heavily.

The forbs native to this area -were plentiful through-

out the pasture •
.Pasture number 4, the 77 acre overgrazed site, was stoc ke d with
30 head of cattle from 1931 to 1940; 35 to 40 head from 1940 to 1945;
and 20 head in 1945.

The ~sture was grazed on a year -round basis

with some supplemental feed furnished during the winter.

Although it

was grazed fairly short before the drough t it formed a solid cover
with very few weeds but as the drought continued the cover was reduced
so that by 1937 the :r:asture resembled a weedy cultivated field.

When

the years of norma.l rainfall returned, however, the cover of natural
ve getation was gradually restored.
the sp:trseness of the vegetation.

Recovery was slow at first due to
As it gradually became more dense

the spread was much more rapid until by the end of the growing season
of 1945~ the buffalo grass stolons formed nearly a solid cover.

At

the beginning of the study the :r:asture had a cover of closely g razed
grass with_ numerous small bare s:r:aces bet11Jeen the areas occupied by _
buffalo grass (Fig. 4).

The plants of buffalo grass varied in size
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FIG. 3

Pasture number 3, the moderately grazed

location., had an almost solid cover of grass.
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FIG. 4

General view of plsture number 4, the over-

grazed location.
grazed .

The short grasses were closely

Many bare areas , like those applrent in

the foreground, were common throughout the pasture.
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but for the most :i;art they were small and occurred at intervals along
the stolons where roots anchored the runners to the ground.

Upon close

examination the cover V1J0.s found to be a mass of intermingle d stolons.
There -was evidence of some sheet e·rosion around these small clumps of
vegetation.
Tu.sture number 5, classified as heavily grazed, contained 80
acres which carried 40 head of cattle on a year-round basis for the
past 15 years.

This area had a fair cover before the drought but was

always kept very short.

During the first two years of drought (1933

and 1934) most of the short grasses were killed and at t h e close of
the dust storms in 1935 the cover -was reduced nearly to nil.

Often

tufts of short grass .5 to 2 inches in diameter were s:i;aced at distances of several yards.

Many weeds filled the resture until the last

two or three years when the rapid growth of numerous buffalo grass
stolons nearly covered the ground.

At the beginning of the study the

grass in this resture v~s very short, sometimes less than .5 of an
inch and nearly always less than l inch tall (Fig. 5).

The cover was

made almost entirely of buffalo gra ss stolons rooted down at intervals.

There were very few native forbs.

The unr:alatable, drought

resistant salmon-colored mallow (Malvastrum coccineum) made up the
bulk of the forb pop.llation of the p;i.sture.

Many bare sr:aces were

present with a considerable amount of sheet erosion.
Environmental Conditions During; Period of Study
The total rainfall for the growing season of 1946 (April to
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FIG. 5

The grass in :p3.sture number 5, the heavily

grazed location, seldom exceeded an inch in height
and was generally less than .5 of an inch tall.
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September, inclusive) was 16.65 inches which is about 1.24 inches
above normal.

For the months of June and July, however, it was con-

siderably below average being less than half normal during the latter
month.

Near l y half the rainfall in 1946 came during September which

commonly is near the end of the growing season for the short grasses
(Tabla I).

,Above normal temperatures occurred during June and July

when rainfall was low (Table I).
Soil moisture determinations were made on all :i;astures at intervals of two weeks to a depth of five feet.

Monthly comrutations

ware made from an average of the two bi-weekly samplings.
The hygroscopic c oefficiants for somawha t similar soils at
Hays, Kansas were used for determining the available moisture at the
depths of 0-6 inches, 6-24 inches, and 24-60 inches.

Hays is about

48 miles east of Collyer and the hygroscopic coefficients are not exactly the same but they are sufficiently similar for the rurposes of
this study.

The total soil moisture minus the hygroscopic coeffi-

cient of the soil ~s assumed to approx:i.ma te the amount of soil moisture that is available for plant use .

The amount of available mois-

ture for each month in the different p:1stures is g iven in Table II.
All pastures had moisture available for plant growth to a
depth of two feet during the first three months.
was found in the first six inches.

The greatest amount

The moderately grazed :i;asture had

a plentiful supply for that period with 10 to 20 percent available.
The other pastures contained considerably less with slightly more in
the ungrazed and undergrazed locations than was found in the overgrazed

The tem perature and ra infa 11 for the g rowing season of 1946 at Collyer, Kansas.

TABLE I

Temperature
(De grees F.)
April

May

Ju ne

July ·

Aug.

Sept.

58.4

56.8

73. 2

79.2

75.0

66.3

Normal Mean

51.6 .

63.0

72.0

79 .0

76.6

68.0

Deviation

+6 . 8

-5.2

tl.2

,f{)

.2

-1.6

-1.7

Month
Mean

1
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Rai nfall
(Inches)

1946
Normal
Deviation

2.05

2.93

2 .54

l.25

2.58

7.00

2.81

3.29

2.80

2. 38

2.08

-t0.12

-0.75

-1.55

+o.20

+4. 92

TABLE II Approximate percentage s of available soil moisture to a depth of 5 feet for all
pasture types during the six summer months , 1946.
Depth

Location

April

Ma y

June

July

Aug .

Sept.

0 - 6tl

Ungrazed
Undergrazed
Mod. Grazed
Overgraz ed
He avily Gra zed

8.5
10.5
14.6
3.1
4.6

12.4
13.2
19.8
14. l
14.1

8.2
5.4
12.3
7.3
6.0

.2
.5
2.7
-1.4
-0.4

5.6
5.0
7.7
-o. l
0.2

14. 9
18.0
19.0
14 . l
14.7

6 - 24"

Ungrazed
Unde r grazed
Mod . Grazed
Overgrazed
Heavi l y Grazed

6.8
8 .2
12. 6
1.6
5.0

2.3
6.5
ll.2
4 .1
5.4

o.7
4. 6
9.9
4 .3
1.8

-1.5
0.1
2.3
-0.8
-1.6

0.3
0.4
2.7
-0.9
-o.7

5.1
4.6
5. 0
1.8
4.4

24 -60 11

Ungraze d
Undergrazed
Mod . Grazed
Ov er grazed
Heavily Grazed

-2.3
-0 . 6
2. 6
- 3. l
-2.0

-2.3
- 1. 6
0 .9
- 3. 0
-2.9

-2 .8
-1. 3
0 .2
- 3.1
-3.8

-2. 8
-1. 4
-o. 9
- 3.4
-3.8

-3.0
-0. 9
-1.7
-3.4
- 2. 8

-3.2
-2.6
-1.4
-3.0
-2.6

N

0
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and heavily grazed sites.

The major portion of the drought occurred

in July which resulted in a much decreased soil moisture content.

No

moisture was available in the overgrazed and heavily grazed p::i.stures
to a depth of 12 inches with only slight amounts present in the other
three areas.

In the second foot of soil only the moderately grazed

pasture had any appreciable amount of moisture.

.A 1th ough the rainfa 11

in August was above normal the soil moisture was practically unavailable to a depth of two feet in the overutilized pastures as compared
to a percentage of 5 to 7 percent at the other three locations.

The

rainfall in September was nearly 5 inches above normal which~ again,
restored available moisture to two feet in all r:astures.
six inches carried a vary high percentage of the moisture.

The first
No water

was available from a depth of 2 to 5 feet for any month in any of the
pastures except fo~ a slight amount during the first half of the
season at the moderately grazed locati on.
Wi th hardly an exception~ available soil moisture wa s most
plentiful at the moderately grazed location.

The soils of t he under-

utilized pastures consistently held more moisture than was found in
the J:)9.stures that had been overutilized.
Basal Cover and Composition of t he Vegetation
The average basal cover of the twenty quadrats pantographed in
the ungrazed pasture was 52.9 percent (Fig. 6).

This i nclu ded 31.l

percent of buffalo grass and 21.6 percent of blue grama with only a
trace of sand dropseed and Texas crab grass .

The cover was ccm posed
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lJNDERGRAZED

!:•:•: iRllF'FALO GRASS

31.1 %

~UFFAL~ GRASS

20.9%

1: : :.:IBUFFALO GRASS

70.6%

l:' :::: ]aLUE GRAMA

21.6 %

c:::lit.uE GRAMA

.29.7%

t :: : ::IBLUE GRAMA

11.5 %

0.03"4

c::::JI SAND OROPSEED
filIIIIII] TEXAS CRAB GRASS

f: :;;s;JSANO

OROPSEED

0.15%

OVERGRAZED

1:-:-:1euFFALO GRASS
C ::;' i BL~E GRAMA

FIC-. 6

1.2 %

HEAVILY GRA ZED

57.2 "4

0.9'J.

1:-:-: l8UFFAlD

GRASS

1::::::) RLUE GRAMA

42 .8 °I.

0 .7 •;.

Basal cover of each species of perennial grass on

typical square meter areas in the different rastura types.
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of large clumps of blue grama and ma ts of buffalo grass with very few
stolons.

Numerous bare sp,.ces were found in the center of the blue

grama plants.

Seventeen different species of native forbs were identi-

fied and an average of 29 .8 plants were counted per 100 square feet
(Table III).

The pr inc ipa l for bs were the salmon-colored mallow , few

flowered psora lea (Psora lea tenuiflora), wild onion (.A llium nuttallii).,
and scarlet gaura ( ~ cocc inea).
The total basal cover in the undergrazed pasture was 51.8 per cent.

Blue grama was the principal g rass having a cover of 29.8 per-

cent as comrared with 20.9 percent for buffalo g rass.

Sand ciropseed

grass was fairly ·common with an average cover of 1.2 percent.

This

pasture supported more native forbs t han any of t he others having an
average of 39.5 plants per 100 square feet.

There were , however,

only 12 different s~cies, most important of which were the few flowered
psoralea, ragweed (Ambrosia psi lostac ya), wild onion, salmon-colored
mallow and scarlet gaura .
The moderately gra zed pasture had a heavy stand of g rass wi'bh
an average basal -cover of 82.1 percent .

Although blue gram~ ccm prised

only a small part of the total cover (11.5 percent) the scattered
plants were healthy and vig orou s.

Almost all of t he area between

these plants was covered with buffa lo grass .

Native forbs were numer-

ous throughout the pasture averaging 31.5 plants per 100 square feet
which included 14 species.

The predominant forbs were t he salmon-

colored mallow, wind flower (Anemone caroliniana), ragweed., few
flowered psoralea., and the prairie cone-flower (Ratibida columnaris).
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TABLE III

Average number of each s pee ies of native forbs per square

meter in each pasture type.
Exe lo sure Number
,Astragalus mo llissimus
Malva strum coccineum
Psora lea tenuif lora
Gaura c occine a
A.llium nutta llii
Sideranthus s pinu losus
Gut ie rrezia sarothrae
Ratibida columnaris
Lyg odesmia juncea
Aster multiflorus
.Ast raga lus shortianus
Liatris punctata
Ca llirrhoe involucrata
Vern onia baldwini
Opuntia humifusa
Hymenopa pp.rn c orymbosus
Rum ex altissimus
Polygonum ramosis simum
Ambrosia ps ilostachya
Anemone caroliniana
Cirsium undulatum
Meriolix serru l ata
Astragalus missou riansis
Cogswell ia macrocarpa
Solidago molli s
Artemisia kan sa na
Verbena bipinnatifi da
Total No . of Forbs

I

II

III

12 . 1
6. 5
2.7
3. 3
.9

4.9
10.8
3.8
6.2

12 . 1
3. 9

I.8
.3
.l
.2
.1

.3

2. 5

.6

.6

.2
.1
.1
.1
.1

.2

1.5

.2

.2
.3
.4
.1

10. 7
2.0

.l
.1

.l
.3
4. 4
4. 5

.l

1.4
.9
2908

39. 5

32 . 5

IV

.4
1.5
.2
•1
.4

V

.7
4. 1
.5
.2.

3. 2
.2
1.6

1.1

.8

.2

.1
.2

.2

1. 4

.4
.1
.7
.2

.6
10 .9

.1
8. 3
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The basal cover of 58. l percent in the overgrazed pasture was
made up of 57.2 percent of buffalo grass and the remainder was composed of blue grama and a trace of sand dropseed.

It is significant

to note that the tufts of grass were very small which allowed many
bare spaces to exist between the clumps.

The native forb pop,.lation

of the pasture was relatively sma ll with only 10.3 plants per 100
square feet but comprised 17 different species.

The principal forbs

were the many flowered aster (Aster multiflorus), salmon-colored mallow, and the prickly pear cactus (Op,.ntia macrorrhiza).
Of the total cover of 43.6 percent found in the heavily graz ed
pasture, buffalo grass formed 42.8 percent.
plants formed a cover of only .7 percent.

The few relict blue grama
The numerous small clumps

shown in Figure 6 represent the rooting s of stolons as they spread out
to cover the g round~

Only about one -fourth a s many native f orbs (8 .2

per 100 square feet) were found here as compared to the number found in
the moderat ely grazed pasture.

Of the eight dif ferent species of

forbs the most common were the salmon-colored mallow, ragweed, and the
purple poppy mallow (Callirhoe involucrata).
Yields of Dry Forage
Seasonal Yields
In the ungrazed pasture the total yield from the qua.drat s
clipped each month was 2438 pounds per acre (Fig. 7).

On the un -

clipped series, it was only 1988 pounds per acre, or 8 1.6 percent of
the amount from the clipped quadrats.
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The average amounts of forage produced from the two treatments
on the undergrazed location were nearly the same., being 268 6 pou nds
per acre on the clipped series and 2659 pounds for the oth er group.
The moderately g razed pasture had a fora g e production of approximately two tons (4001 pounds) per acre in t h e clipped series.

Only

79.7 percent of this total (3192 pounds) was collected from the unclipped group.
On the overgrazed area an avera g e of 2090 pounds of dry forage
was produced in the qua.drats that were clipped each month.

Ab out t wo-

thirds of this yielu or an avera g e of 1388 pounds was c ol lec t ed i n the
unclipped series.
On the heavily grazed f8,sture the yield for the clipped series
was 1774 pounds but only 941 pounds per acre on the u nclipped grou p.
Monthly Yields
In the ung razed pasture., the monthly productions were 723., 839.,
460., 233., 143, s.nd 38 pounds per acre., respect i vely, from Apr i l to
September, inclusive (Fig. 8).

~pproximately 81.8 percent of the total

yield was produced during the first three months.
May was t he highest producing mon t h (800 pounds) i n t h e unde r grazed pasture followed by April (757 pounds) and Ju rl:e with 626 pounds
making a total for the three months of 2183 pounds or 8 1.7 percent of
the production for the entire season.

The yield dec r eased each month

after June with only 241 pounds in July., 152 in August and 107 in September.
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APR IL

MAY

JUNE

JULY

.

UNGRAZED

~

MODERAT ELY GRAZED

~

UNDERGRA ZED

~

OVERGRAZED

AUGUST

~

HEAVILY

GRAZED

FIG . 8 Average yield of short grass in
pounds per acre for each month of the
growing season in all pastures.

SEPT.
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In the moderately grazed :r:asture, llll pounds per acre of forage were collected in May as c omr:ared to the low of 144 pounds in
September.
and June.
pounds.

Over 900 pounds were produced during both months of 4pril
July followed vlith 608 pounds while .august y ielded only 271

Nearly three-fourths (74.4 percent) of the tot al yield was

produced during the first three months.
The overgrazed pasture yielded 612., 656, and 460 pounds per acre,
respectively., for April, Ma y, and June.

The yield for t h ese three

months represented 86.0 percent of the total for the season.

The pro-

duction dropped to 134 pounds in July followed by a slight ra ise in
August (164 pounds) and than a decrease to only 53 pounds i n September.
During the months of April, May a nd June 1340 pounds -were produced in the heavily grazed pasture representing 75.5 percent of the
total yield.

The monthly production s in the order of t h eir occurre nce

v~ere, respectively, 374, 616, 499., 121, 166, and 44 pounds per acre.
Correlation Between Basal Cover and Yield
Examination of the data presented in Table IT shows only a ge n -

eral correlation between basal cover and seasonal yield.

Th e pounds of

forage per l percent cover rang ed from 34 for the overgrazed to 52 for
the undergrazed pasture.

The more heavily utilized locations h ad less

production in relation to cover than did any of the oth er three areas.
This indicates that the growth of grass in height must also be considered as a factor in the production of forage.

The larger amount of
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forage in re l ation to cover in the undergrazed p;isture as compared to
the moderate ly grazed location bring s out the point that other factors
besides cover and the height of grass play a }:l:lrt in production.

T.ABLE IV

A Comparison of the basal cover and seasonal yield

of the short grasses in th e five :i;asture types.
Pasture Type

I

II

III

IV

V

Basal Cover

52.9

51 . 8

82.l

58 . l

43.6

Seasonal Yield*

2438

2686

4001

2009

1774

46

52

49

34

40

Pounds of Forage per
l percent C ov~r

* Sum

of the monthly yields .

Growth of Grass in Height
The results of this portion of the study are a lso presented in
two groups., the clipped and the unclipped series.

It sh ou ld be re mem-

bered that the clipped series represe nts t h ose a r eas -wh ich were har vested each month while t h e other group was cli pped on l y t wice., once i n
July and a gain in September.
Clipped Series
In the ungrazed pasture buffalo grass produced a seasonal increment of 8 . 1 inches as corn:r;ared to 8.9 inches for blue grama (Fig . 9).
The average total growth for both grasses was 8 . 5 inches of which 81.2
percent occurred during the first three months.

The monthly increment

ranged from 3 . 4 inches in april to . 15 of an inch in September
(Fig . 10 ).
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IN . BOA. CLIPPED

BGR.CLIPPED BDA. UNCLIPPEDBGR. UNCLIPPED

UNGRA ZED

OVERGRAZED

UNDERGRAZED

HEAVI LY GRAZED

MOD. GRAZED

FIG . 9 Seasonal growth of buffalo (Bda) and blue
grama grass (Bgr) in inches . for both the clipped
and unclipped series of quadrats on all ~stures.
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APRIL

-

UNGRAZEO
UNOERGRAZEO

MODERATELY GRAZED

MAY

JUNE

OVERGRAZED

E3 HEAVILY GRAZED

FIG. 10 Average increment in height for both short grasses
from the clipped and unclipped areas of the five pastures
for each month of the growing season.
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The total season's growth in the undergrazed pasture was 9.5
inches for buffalo grass and 10.3 inches for blue grama.

The average

of t he two was 9.9 inches with 87.9 :i;ercent of the increment produced
during the first three months.

Growth of both grasses was greatest

during April with 3.1 inches a~ter which there was a g radual decrease
until the low of .18 of an inch occurred in September.
The average total growth in the moderately grazed rasture was
13.6 inches comprising 13.0 inches for buffalo grass and 14.1 inches
for blue grama.

Slightly over two-thirds of the total increment (66.8

percent) occurred during the first half of the growing season.

The

increment varied from the highest of 3.5 inches in May to t h e lowest of
a little less than .4 of an inch in September.
The growth of grasses in the overutilized pastures was considerably less than the increment found at the other locations.

The

increment in the overgrazed rastur e wa s 4.0 inches for buffalo gras s
and 4.2 inches for blue grama.

Over three-fourths of this growth

(79.3 percent) was made during April, May, and Ju ne.

The greatest

increment occurred during the first month with 1.3 inches but thereafter it gradually dim inished each month to only .11 of an inch in
September.
In the heavily grazed i:asture, buffalo grass grew 3.6 inches
as comi:ared to 4.5 for blue grama making an avera ge total inc r emen t
for the season of 4.1 inches.
during .the first three months.

Of this total 74.7 percent -v;e.s produced
The growth became successively less

from April, with 1.62 inches, to .1 of an i nch in September.
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Unclipped Series
Since a clipping was made the last of July and thereby furnished
some stimulus to the growth in this series only the comparison of
seasonal increments are given.
In the ungrazed rasture the total increment for the short
grasses was 7.9 inches.

Blue grama made a growth of 8.6 inches as com-

pared to 7.2 for buffalo grass (Fig. 9).
The average total increment of both grasses in the undergrazed
pasture (9.0 inches) was greater than that found at any of the other
locations because of the exceptional growth of 10.5 inches for blue
grama .

For buffalo grass it was 7.5 inches.
The moderately grazed r:asture produced an average inc rement of

8.4 inches £or the season.

Blue grama again made the greatest grow'lh

with 9.3 inches as comP3-red to 7.5 inches for buffalo grass .
The total increment in the overgrazed pasture was 4.5 inches.
Very little difference was found between the growth of blue grama (4.7
inches) and buffalo grass (4.3 inches).
The heavily grazed location produced an avera ge total increment
of only 3. 9 inches.

Blue grama made the gr eatest growth with 4.4

inches as comrared to 3.3 for buffalo grass.
Correlation Between Yield and Increment
,As

indicated in Figure 11 a general correlation exists between

the inches of growth and the amount of forage produced by the short
grasses •.
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The amounts of forage and increment produced during the first
three months were similar in all :i;:astures.

The p:ircentages of total

increment for the first three months in pastures l to 5 were , re spec tively, 81 .2, 87.9, 66.8, 79.3 and 74.7.

The percentage~ of yield for

the same period, in the same order of pastures, were 81 .8, 81.7, 74.4,
86 .6 and 75.5.

At all locations an increase in yield from April to May was
accompanied by a decrease in increment but both yield and increment
decreased with slight exceptions from May to September .

For example,

an increase in increment for the grasses in the ungrazed and moderately
grazed locations occurred from June to July and the yield continued to
decreas e.

In the overutilized :i;astures an increase in increment -was

accompanie d by a decrease in yield from May to June Vlhile the reverse
was true in both pastures from July to august .
the general correlation suggest that

These e xc eptions from

actors other than the growth of

grass enter into t he production of forage.
Growth of Buffalo Grass Stolons
The rapid spread of buffalo grass stolons played an important
role in the recovery and maintenance of the vegetative cover in t he
short grass prairies.

An average of 73 stolons per scpare meter was counted in the un graze d :i;asture and, of these, 19 p:ircent were dead (Table V).

The

average total growth made by the stolons during the p:3riod of study was
5.75 inches (Fig. 12).

The greatest and least increments oocurred in

May and August, respectively.
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The undergrazed pasture contained a total of 78 stolons per
square meter of vhich 13.6 percent were dead.

The stolons made a total

growth of 6.5 inches for the sea.son which included increments of 2.95.,
1.95., 1.05, .3 and .55 inches., respectively., for May ., June., July.,
~ugust and September .

TA BLE V The number of live and dead buffalo grass stolons
found per square meter in each pasture.

%of

:Fasture
Type

.No. oi'
Live
Stolons

No • oi·
Dead
Stolons

Total No.
of
Stolons

Live
Stolons

Stolons

Ungra.zed

59

14

73

80.8

19.2

Under
Grazed
Moderately
Grazed
OV'er
Grazed
Heavily
Grazed

66

12

78

86 .4

13. ?

171

27

198

86 .. 4

13.6

558

81

639

87.4

12.6

378

63

44i

85.7

14.3

1

'Dead
01

Of the average of 198 stolons per square meter in t he moderate ly grazed pasture., 13.6 percent were dead.

The greatest growth of

stolons in any of the pastures was made at this location averaging
7.95 inches for the season.

The monthly growth became progressive-

ly less from the high in May (3.4 inches) to the low in August (.4 of
an inch).

The heavy rains in September brought the increment up to

.75 of an inch.
The overgrazed pasture had the greatest number of stolons i:er
square meter (639) and .only 12.6 percent of them were dead.

Monthly
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increments were 2.4., 1.6., .6., .land .3 inches, res pectively, for May.,
J une., Ju l y ., Aug ust and September ma k ing a total i ncrement of 5 inches.
I n t h e heavily grazed pasture, 14.3 percent of t he 441 stolons
found pe r square meter were dead.

Only 4 inches of growth was pr oduced

by th e stolons from May to September., inclusive.

An i nc r ement of 1.8

inche s was produced in Ma y as com:i;a.red to only .05 of an i nch in August.
Litter and Debris
Th e ung razed pasture had a surface layer of partia lly dee omposed litte r a ppr oximately 3.7 i nches i n de pth which ave ra g ed 2004
pound s per a cre (Fig. 13).

The undergrazed :r;asture produce d s ligh tly

less t han t hi s with 1789 pounds to a n a verage de pth of 2.9 inch es
while on the moderately grazed location the amount was on ly 7 30 pounds
to a depth of l i nch.
The amount of litter found i n the overutilized pastures_ was i n signific a nt, with only 49 and 30 pounds per acre., r es pectively ., on t h e
overgra#e d and heavily grazed locations.

Small areas scattere d t h rou gh -

out t h e pa stures were covered to a de pth of ap proxima tely .5 of an i nch
while th e maj or portion of the soil v.e.s bare.
Th e amount of debris was much g reater on t h e ung r a zed pa sture
than i n th e other areas (Fig. 13).

An avera ge of 1928., 952 and 524

pounds pe r acre., respectively., was collected from t h e ungrazed, undergra zed a nd moderately grazed locations.

Because of t he ext remal:>; close

cro ppi ng of t he grass no debris was present on either t h e ov?rgrazed or
heavily g razed pastures.

LBS. PER
ACRE

•
D
D

LITTER

DEBRIS

UNGRAZED
UNDER GRAZED

R

§

OVERGRAZED
HEAVILY GRAZED

MOD. GRAZED

FIG. 13 Amount of litter and debris in pounds per
acre for each pasture type.
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$j.nce old flower stalks make up a good portion of the debris in
the short grass prairies, a count of the average number per square
mater revealed an enormous difference in the ]:B.stures (Table VI).

TABLE VI

Number of old flower stalks per square mater on the

uplands of each pasture.
Pasture
Type

Boute loua
grac ilis

Sporobolus
c rypta nd ru s

Ungrazed

432

10

12

274

728

Under
Grazed
Moderately
Grazed
Over
Grazed
Heavily
Grazed

353

20

21

178

572

Hordeum
pusillum

Unknown

Total

12

12

The number found on the ungrazed pasture was 728 per square meter followed by 572 and 12, respectively, for the undergrazed and the moderately grazed locations.

No old flower stalks were left standing on the

other two pastures.
Effect of the Drought
A short drought typical of this area occurred from the last
week of June to the middle of August.

Practically no rain fell during

this period with the exception of a fe-w scattered showers ·which were
accompanied by temperatures higher than normal (Table I).
When these mid-summer droughts occur, short grasses have the
ability to protect themselves from severe damage by going into a dormant
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state f or the duration of the dry period.

The leaves of the grass curl

and wi ther to the ground making the forage lass valuable for livestock
c onsumpti on.

It has been observed that short gra sses vary at different

locat i ons i n the rate in which they become dormant after the onslaught
of a drough t 'period .
was f ound.

In the f8.stures under study a decided variation

Since the reactions of the ungrazad and undargrazed f8,sturEls

were simi lar they will be referred to collectively as the underutilized
areas.

The same applies for the overgrazed and the heavily grazed

locations s o they will be known as overutilized.

The moderately

grazed f8,s tur e is used for comf8,rison with the two type s of mismanage -

ment .
Towar d the last of June in the underutilized pastur es a few
widely sc attered spots of grass began to look dry because the tips of
the leaves were curling and changing to a straw color.

The yellowish

cas t of these areas scattered thr ough the less dorma nt cover gave t h e
f8,sture a "patchy" appearance.

By July 20, these spots had increased

in number and size and many of them were in fu 11 dormancy .

Buffalo

grass wa s almost completely dormant while the blue grama leaves were
tigh tly curled but still retained a greenish cast.

These areas went

into complete dormancy by the middle of August .
In the moderately grazed pasture , the affect of the drought 1itlls
not a pf8, rant until the first week of ~ugust when the tips of the buffalo
gr a ss leaves be gan to turn yellow and the blue grama leaves started to
r oll.

By the middle of A,ugust a few dry spots appea r e d but so on be-

came green after over an inch of rain fell the 16th of this month .
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The effect of the drought in the overutilized pastures became
noticeable sooner than it did in the other types.

During the last week

of June the grass began drying at the tips uniformly throughout the
pasture wi th intermittent spots more severely affected.

By July 20,

the short grasses were dry nearly to the ground and they were in complete dormancy by the first of August.
DISCUSS I ON AND SUMM.1\RY

Pastures which have been subjected to different intensities of
grazing exhib it definite characteristics wh ic h reflect t heir pas t treatment .

Five Fastures were selected for study with referenc e to their

history of grazing for the past 15 years and were classified as ungrazed , undergrazed, moderately gra zed, overgrazed and heavily gra zed.
Some of the characteristics of these areas were studied during the
growing season of 1946 and a shor

discussion of the results will help

t o evaluat e them.

A com par is on of the pastures was made along the

following lines:

(1) basal cover and composition of the vegetation;

(2) month ly and seasonal yields of air-dried fora ge; (3) growth and
number of buffalo grass stolons; (4) growth of the grasses in h eight;
and (5) amount of litter and debris present at each locati.. on.
The principal limiting factor in the growth of vegetation in the
Great Plains area is the amount of soil moisture available to the
plants.

Consistently more moisture was available for plant growth in

the pasture which had been moderately grazed than was found on the underutilized and overutilized pastures .

The variation in the amount of soil
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water in the pasture types might be accounted far through some of the
effects of :i;ast treatment.

More moisture enters the soil on which it

falls if the ground has a good basal cover and sufficient litter and
debris to absor b the 1/J9.ter and retard runoff .

Water is lost from the

soil primari ly by transpiration from the leaves of plants and by evaporation from the surface of the soil.

In overutilized :i;astures the soil

between the living plants was unprotected which allows a high rate of
evaporation, but on underutilized p:.stures it was protected by a dense
layer of old vegetat ion which reduced evaporation to a minimum .

On

the latter types of :i;astures, however, the larg er amoun t; of leaf sur-

-

face left exposed throughou t the season probably result ed in a gr e~ter
rate of transpiration.

The moderately graz ed area has enough litter

and debris to cover the few bare s:i;aces and it was utilized sufficiently to retard excessive transpiration.
grazed location to retain more

0.1.

This ability of the moderately

its soil moisture partially explain s

the results of this study.
The cover of perennial grasses on the moderately gra zed pasture
was nearly twice that found at the other locations.

The total cover of

short grasses was nearly the same far the underutilized and overutilized
pastures, but the cqnposition was very different.

On the former loca-

tions, about equal amounts of buffalo and blue grama grass were found
while on the latter the cover was practically all buffalo gra;:rn.

The

composition of the vegetation on the moderately gra zed pasture was
found to be intermediate with 70.6 percent cover for buffalo grass and
ll.5 :rarcent for blue grama.
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Several reasons might be advanced for these conditions •

.Although

blue grama is the most drought-resistant, buffalo grass endures closer
grazing than does blue grama because of the greater amount of leaf surface close to the ground in the former species.

The fact that buffalo

grass had the ability to spread rapidly by means of stolon growth might
also account for the large amounts of that grass in the overutilized
locations.

The abundance of old growth in the underutilized ,E:astures

hinders the g rowth of these stolons.

They tend to grow either on top

of the litter and debris vhere they cannot establish roots or under the
old growth where the lack of sunshine kills them.

Thi~ accounts for

the relatively few stolons found in the areas with he

m

1A , is .

No appreciable d ifferenca V>Jas found in the native forb popu lation in the ungrazed , undergrazed, and moderately grazed p:lstures .

A

considerable reduction in numbers, however , was noted on the overgrazed
and heavily grazed looations .

Th

more palatable forbs such as the

wild onion and few flowered psoralea became fewer as the degree of
utilization increased .

Heavier grazing practices seemed to decrease

the forb po.J:J..l lation about one-third .

The salmon-colored mallow, being

unpalatable and very drought-resistant, was the most prevalent forb in
a 11 pastures.
The highest seasonal yield of short grass in pounds per acre was
produced in the moderately grazed rasture, followed in the order of
their yields , by the undergrazed , ungrazed , overgrazed, and heavily
grazed looations .

Nearly twice as much forage was produced in the

moderately grazed i:asture as t here was in the two overutilized locations.
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Although the yie ld was much reduced in the underutilized pastures it
was greater than that produced on the heavily stocked areas .

Produc -

tion was greatest in May in a ll pastures with over three -fourths of the
yield being produc ed in the first thr ee months .

The production of for-

age in the areas that were clipped each month was greater than those
quadrats of the unclipped seri e s , which were harvested only twice during the season , indicating that clipping does initially stimulate
grass yield s.

Generally speaking , those p:i.stures with a denser cover

of ven;etation produced a greater yie l d but other factors such as the
growth of gras s in height, production of tillers and so forth caused
some variation from close correlation .
The gr eatest growth of the short grasses in height wa s made in
the moderate ly grazed p:i.sture for the clipped series .

The most incre-

ment occurre d in April and the lowest in August and September for all
pastures studied .

The reduction

f the increment i n July, due to the

drought , was not as noticeable in the moderately grazed area as it was
at the other locations .

In general , blue grama grass produced more

growth than did buffalo gra ss.

The stimu l ating effect of clipping upon

the short grasses of the moderately grazed pasture was shown by a difference of 5 inches in height between those quadrats harvested each
month and those clipped only twice during the season.

A difference of

less than an inch was found in the underutilized r;astures and ~ardly
any difference at all occurred in the overutilized areas .

In Figure 10,

the differences in the monthly increment s of the clipped and unclipped
series also illustrate this stimu l ating effect .

After the first harvest
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in April, the growth i n the clipped series for May, June, a.nd July wa.s
over twic e that of the unclipped series.

After the unclipped group was

harvested in July, the gr owth was much greater in t ha t series than i t
was jn the qua.drats that were cli ppe d each month which indicated th.at
the greatest stimulation occurs during the first two or three months
after the initia l clipping.
A very close correlation was found between the seasonal yield
and the seasona l gr owt h of gr asses in height .

When the month l y yie lds

and increments wer e compa red, however, a number of exceptions to close
correlation between the two were noted.

I n some cases, it wa s f ound

that yield increased while increment decreased .

During the first r:art

of the season many new tillers develop which wou ld increase the yield
but might even decrease the average height of the gra sses.

In periods

of drought such as occurre d during this growing season, the number of
tillors decreased wh ich would cau e an opposite effect on t h e relations
of the two factor s.

During the period of seed production many buffalo

grass seed burs are collected while cli pping , which would raise the
yield in re lation to the i ncrement i n height .
The greatest number of stolons v.a s found in the overgrazed and
the least in the ungrazed pasture.

There were many time s more buffalo

grass stolons in the overutilized pastur es than were in the other three
locations.

The large number of stolons was not entirely due to differ-

ences in the compo sition of t he ve getation but to the amount of old
vegetati on.

The growth of stolons i n each of the areas studied followed

the same general r:attern as did the growth of tillers and total yi eld of
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grass.

The total growth was greatest in the moderately grazed followed

in the order of production by the undergrazed, ungrazed, overgrazed
and heavily gra zed pastures.

Over t hree-fourths of t h is growth was

mad e during the first t h ree months.
The ungraze d location conta i ne d slightly over a ton of litter
followed by nea rly 1800 pounds in the undergrazed and 730 pounds for
the moderat ely grazed area.

Only 49 and 30 pou nds were found, res pec-

tively, on the overgrazed and heavily grazed :r::e.stures.

The less in-

tense the utilization of a pastur e the more litt er it will contain
because more vegeta tion is left each year to decom pose.

Therefore, an

accumulation of large amounts of litter seem to indicate an underutilized condition.

Debris also may be used as an indicator but, it

only tells the story for one or two years beca use it soon begins to
decompose and forms litter.

Near ly twice as much debris was present

on the ungraze d area as compared wi t h the undergrazed location and
four time s as much as on the moderately grazed pasture.
found on the two closely grazed pasture s.

No debris was

I n an ear lier discussion it

was shown that a certain amount of litter and debris, as defined in
this re.per, is baneficial to a well mana ged pasture but too l ar g e an
amount can be de·brimental to growth of native ve getation.
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